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corrected) of numerically forecasted typhoon tracks as the predictors, a track forecast bias prediction equation is
established by multiple linear regression. The equation permits typhoon track forecast correction in real time. In this
paper, 12 h is taken as the short lead time, and the European Center for Medium-Range Weather Forecasts deterministic
prediction system (ECMWEF-IFS) and ensemble prediction system (ECMWF-EPS) for typhoon track forecasts are applied.
The modeled forecast results from 2018 show that the mean track error of the corrected typhoon tracks forecasted by
ECMWEF-IFS at 24 h, 36 h, 48 h, 60 h, 72 h, and 84 h is reduced by 7.3 km, 9.3 km, 8.9 km, 6.5 km, 6.9 km, and 2.6 km,
respectively, compared with those of uncorrected typhoon tracks. In general, the corrective effect is better for strong
typhoons (observed intensity at 12 h=32.7 m s ). First, the typhoon track forecast of each ensemble forecast member
from ECMWF-EPS is corrected; the integrated forecast is then obtained. The typhoon track forecasts obtained by the

9«

following five methods are compared: ““corrected deterministic prediction,” “ensemble mean of all ensemble forecast

99 ¢

members,” “ensemble mean of selective ensemble forecast members,” “ensemble mean of all corrected ensemble forecast

members,” and “ensemble mean of corrected selective ensemble forecast members.” The modeled forecast results from

9 <

2018 show that “ensemble mean of corrected selective ensemble forecast members,” “ensemble mean of all corrected
ensemble forecast members,” and “ensemble mean of selective ensemble forecast members” yield the lowest track error at
24 h and 36 h, 48 h and 60 h, and 72 h and 84 h, respectively. When applied in a targeted manner in operational
application, an objective comprehensive forecast result for typhoon tracks with excellent performance for each lead time
is expected. At 24 h, 36 h, 48 h, and 72 h, the mean track error of “ensemble mean of corrected selective ensemble
forecast members” is reduced by 13.3 km, 11.7 km, 10.0 km and 7.6 km, respectively, compared with those of “ensemble
mean of all ensemble forecast members” and by 0.7 km, 2.0 km, 3.9 km, and 2.4 km, respectively, compared with those of
the Central Meteorological Office official track forecast (with corresponding lead times of 12 h, 24 h, 36 h, and 48 h,
respectively).

Keywords Typhoon track, Numerical forecast, Correction, Integrated forecast
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Table1 Correlation coefficients between zonal forecast bias of typhoon tracks at 12 h and following lead times
(corresponding to the second column in the table), between meridional forecast bias of typhoon tracks at 12 h and following
lead times (corresponding to the third column in the table), and between latitude forecast of typhoon tracks at some lead time
and zonal forecast bias of typhoon tracks at that lead time (corresponding to the fourth column in the table). The typhoon
tracks are forecasted by ECMWF-IFS (Integrated Forecast System, European Center for Medium-Range Weather Forecasts)
from 2013 to 2017. All correlation coefficients in the table, except the one in brackets, are statistically significant at the 95%

confidence level
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K1 2013~2017 4 ECMWF-IFS & RUBRAZTHR 12 h 124 h {94 () fifm2. &m C6) FkmZrRERIE . FEARECN 1199, R
Fig. 1
forecasted by ECMWF-IFS from 2013 to 2017. The number of samples is 1199. The diagonal line denotes the linear trend

Scatter diagrams of zonal forecast bias (left) and meridional forecast bias (right) of typhoon tracks at 12 h and 24 h. Typhoon tracks are
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Fig.2 Scatter diagram of latitude forecast and zonal forecast bias of
typhoon tracks at 24 h. Typhoon tracks are forecasted by ECMWF-IFS
from 2013 to 2017. The number of samples is 1199. The diagonal line

denotes the linear trend
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&2 2016~2017 &£ ECMWF-IFS & RUERZFURITIERIEH FHEBIRE ( B km LIFSHHFRREREY
Table 2 Mean track errors of uncorrected and corrected typhoon tracks forecasted by ECMWF-IFS from 2016 to 2017. The

numbers in brackets indicate the number of samples

AN [ HAR IR 5 F) T 423 3 Y 4% 22 km

& R 4% i 24 h (402) 36 h (358) 481 (307) 60 h (262) 72h (228) 84 h (187)
1T IE R 622 79.3 105.8 145.8 193.2 236.8
RAT RS ) T i 22 57.8 75.8 103.8 145.0 192.7 235.6
RAT IE 28 [ Fiidh g 22 60.2 78.9 105.3 144.6 192.2 236.5
S ) AL 0] TR AR ZE BT 1E 55.6 75.0 103.0 143.8 191.7 235.2

T = IR BT A TR N R freIME

&3 2018 £ ECMWF-IFS & REBEEBRITIERMEHEHERIRE (B4 km )L ESHBFRRERE
Table3 Mean track errors of uncorrected and corrected typhoon tracks forecasted by ECMWEF-IFS in 2018. The numbers in

brackets indicate the number of samples

AN [ BRI 28CFD 1 4 B % 22 /km

& R TR 241 (268) 36 h (245) 48 h (220) 60 h (196) 72h(171) 84 h (150)
1T IE R 63.5 85.4 109.2 131.9 162.1 195.6
T2 T 1E vk 56.2 76.1 100.3 125.4 155.2 193.0
SPREIT IEVE 60.4 81.6 104.7 130.6 162.0 198.5
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Fig. 3 Skill score of corrected typhoon tracks forecasted by ECMWE-IFS from 2016 to 2017, changing with number of samples N in a moving

training period
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BARZER/NT M & BARBAITHEAR Y, BRMT
IE#%4% 24 hy 48 hy 72 h. 96 h [~ ¥ E B iR 2 4y
LG “Hr A A TR R G BN T 15%.
6%+ 10%. 8%. MN.H T AT M 7E 24 h. 36 h
IFEX 15, 7E 48~84 h BT HY 20. R4l ECMWF-EPS
Hl R G MR TR 12 h (512 0% 25 KMk M
AMEG TR, XFRIE H R B 6P 3815 2
& RERAR TR “ IRkt & P iR S 6717,
AL th 0 % 0 S AT B AR TARAT IE PR AP )
BRI G XERAR TR A Pk G P s R Ja 1T 1B
HAESGTH”. % ECMWE-EPS & /& 71 i) & X
PR TR HEATIT I, B0 AT A A 53 BUEE & F 1,
BB G RBRARTEIFRA BT & TR AR 3 51T IE
TG,

2018 FEiRIRLE R (£ 4) F£W, 24 h. 36 h,
48h. 60h. 72h. 84 h “IRIEHEAL TR A EST
B B RIBE BRI b T B TR A L 4R
A" YN T 103 kms 103 km. 6.4km. 7.2 km.
49 km. 3.1 km, ULHIAIGEEMERE S ITEN T
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Qietal. (2014). Dong and Zhang (2016) 75 Hi ]
25 2Kfl. 24h. 36 h. 48h. 60 h. 72 h. 84 h
“RITE A PR R 5 e 1T IE AT SRR
BRZ D AIEE P 4R S TR B A ST )
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F4 2018 FENBEEUTIRMPRSKZEEAMRY EHEEIRE ( B kn LIESHEFRRERY

Table 4 Mean track errors of objective forecasts and the Central Meteorological Office official forecast in 2018. The

numbers in brackets indicate the number of samples

AN [ TR IR 280 F) 1 42 B Y % 22 km

& KU 12 T 241 (263) 36 h (240) 481 (213) 60 h (188) 72h(163) 84 h (142)
VIR & B E PE TR 56.6 75.8 99.8 124.2 151.1 187.2
IRCE S0 Rk SEn S| 63.0 83.6 107.9 131.6 155.7 186.8
PRALER A TR R 2R 3 527 73.3 101.5 124.4 150.8 183.7
P SR TR R e 1T IE AR A 50.9 72.8 97.0 123.5 151.3 188.2
MR EE A Tl i 1 SE 1T IETE AT 49.7 71.9 97.9 124.0 151.7 188.5
hRRREE T TR 50.4 73.9 101.8 126.4 150.3 182.9
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~1.4km, ITIERRREERNBFEE T2h ZH,
84 h WAITIEAE. 24h. 36h. 48h. 60h. 72h.
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PBIPR B R Z il bl “ORIR AR & T ik B S
JW/NT 3.0km. 1.4km. 3.6km. 0.4 km. —0.9 km.
-4.8 km, HHRAGEE 7 AR T 0.7 km,
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RAEITIEHEA " PR R ZR /D, 72h
A1 84 h “PLikBEA TR G K35 B
WEERN

5 &S
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(1) 5 A B U 25 AL A 2053 73 0 450, 450, 450
450, 430. 375,

(2) 2016~2017 F[mI 4k &5 KW, 7E 24 h,
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PETR” . “Fh ARG TR R EAGFE7 “fh
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PRI A PR A ST IE AR A-F 57 B-F iR
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“PRILE G TR AR ST KPR R ER

AN, IR S R X AT N, RS
—ANE & TR I R I AR 3 1 6 XU A 2 2%
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PR SEIT IE A7 PP B iR 2 4 il b
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7 0.7km. 2.0km. 3.9 km. 2.4 km.
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Core(TM) i7-4790 CPU@3.60 GHz. W17 4.00 GB
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